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ABSTRACT 
         A serological study of bovine brucellosis was carried out to 
determine the magnitude of spread of the disease in cattle at Al-Renk 
area, Upper Nile State, Southern Sudan. Rose Bengal test (RBT), 
serum agglutination test (SAT) and milk ring test (MRT) were used 
for detection of Brucella antibodies in serum and milk samples. 
          A total of 100 serum samples were collected and tested, 68 were  
female and 32  were male samples. The samples were collected from 
four sites in the town: the slaughterhouse (20, 15 males and 5 
females), the middle of the town (20, 10 males and 10 females), the 
northern part (10, 7 males and 3 females), and the southern part of the 
town (50, all females). 
Screening of the test samples by RBT revealed 28 (28%) 
positive cases and by SAT revealed 25 (25%). Positive reactors were 
from both sexes and nearly similar number was detected by the two 
tests. When the results of the two tests were compared with each 
other, RBT agreed with SAT in 84% of positive samples, while SAT 
agreed with RBT in only 75%. In total, 32 (32%) animals were 
positive by both RBT and SAT.    
          The total milk samples collected were 100; 26 of them were 
collected from individual cows from those which were also sampled 
for serum and 74 were bulk tank milk samples from two of the local 
markets. Only 15 (15%) of them were positive by MRT, nine of them 
were from individual cows and six from market samples with a 
detection rate of 36.4% and 8.1%, respectively.  
When results of serum and milk samples of the 26 cows were 
compared, similar number (9 cows) was positive by both RBT and 
 ix
MRT, but with 77.9% agreement with each other. While, only six 
samples were positive by SAT, which were also positive by the other 
two tests.          
             The finding of this study indicated that the rise in antibody titer 
rate of cattle with brucellosis at Al-Renk area and possibly in the 
whole Upper Nile State is high. Also, it showed that RBT is 
apparently more sensitive than SAT and similar in sensitivity to MRT.  
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  ﻤﻠﺨﺹ ﺍﻷﻁﺭﻭﺤﺔ
 ﻓﻲ ﺍﻷﺒﻘـﺎﺭ  ﻟﻘﺩ ﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺒﻐﺭﺽ ﺘﺤﺩﻴﺩ ﺤﺠﻡ ﺍﻨﺘﺸﺎﺭ ﻤﺭﺽ ﺍﻟﺒﺭﻭﺴﻴﻼ 
ﻭﻟﻘﺩ ﺍﺴﺘﺨﺩﻡ ﺍﺨﺘﺒﺎﺭ ﺍﻟـﺭﻭﺯ ﺒﻨﻘـﺎل، . ﻓﻲ ﻤﺩﻴﻨﺔ ﺍﻟﺭﻨﻙ ﺒﻭﻻﻴﺔ ﺃﻋﺎﻟﻲ ﺍﻟﻨﻴل، ﺠﻨﻭﺏ ﺍﻟﺴﻭﺩﺍﻥ 
 ﻭ ﺍﺨﺘﺒﺎﺭ ﺍﻟﻠﺒﻥ ﺍﻟﺤﻠﻘﻲ ﻻﻜﺘﺸﺎﻑ ﺍﻷﺠﺴﺎﻡ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻠﺒﺭﻭﺴﻴﻼ ﻓـﻲ  ﺍﻟﻤﺼﻠﻲ ﺍﺨﺘﺒﺎﺭ ﺍﻟﺘﻼﺯﻥ 
  .ﻋﻴﻨﺎﺕ ﺍﻟﺩﻡ ﻭ ﺍﻟﻠﺒﻥ
. ﺫﻜﻭﺭﺍﻟ  ـ  ﻤﻥ 23ﻨﺎﺙ ﻭ ﺍﻹ  ﻤﻥ  ﻤﻨﻬﺎ 86 ﻋﻴﻨﺔ ﻤﻥ ﺍﻟﺩﻡ ، ﻭﻜﺎﻨﺕ 001ﻟﻘﺩ ﺘﻡ ﺠﻤﻊ 
 51)ﺴﻠﺨﺎﻨﺔ ﺍﻟ ﻤﻥ ﻋﻴﻨﺔ 02 ﻤﻨﺎﻁﻕ ﻓﻲ ﻤﺩﻴﻨﺔ ﺍﻟﺭﻨﻙ ﻭﻜﺎﻨﺕ ﺔﻭﻟﻘﺩ ﺠﻤﻌﺕ ﺍﻟﻌﻴﻨﺎﺕ ﻤﻥ ﺃﺭﺒﻌ 
  ﻤـﻥ  ﻋﻴﻨـﺎﺕ 01، ( ﺫﻜﻭﺭ 01 ﺇﻨﺎﺙ ﻭ 01) ﻭﺴﻁ ﺍﻟﻤﺩﻴﻨﺔ ﻤﻥ  ﻋﻴﻨﺔ 02 ،( ﺇﻨﺎﺙ 5ﺫﻜﻭﺭ ﻭ 
 ﺍﻟﺠـﺯﺀ ﺍﻟﺠﻨـﻭﺒﻲ ﻤـﻥ  ﻋﻴﻨﺔ 05  ﻭ ( ﺇﻨﺎﺙ 3 ﻤﻨﻬﺎ ﺫﻜﻭﺭ ﻭ 7)ﺍﻟﺠﺯﺀ ﺍﻟﺸﻤﺎﻟﻲ ﻤﻥ ﺍﻟﻤﺩﻴﻨﺔ 
  (.ﻜﻠﻬﺎ ﺇﻨﺎﺙ)ﻟﻠﻤﺩﻴﻨﺔ 
%( 82 )82ﺒﻨﻘﺎل ﺃﻥ ﻨﺘﻴﺠﺔ ﻓﺤﺹ ﻋﻴﻨﺎﺕ ﺍﻟﻤﺼل ﺒﻭﺍﺴﻁﺔ ﺍﺨﺘﺒﺎﺭ ﺍﻟﺭﻭﺯ ﻭﻀﺤﺕ ﺃ
ﺍﺨﺘﺒـﺎﺭ ﻓﺤﺼﻬﺎ ﺒﻭﺍﺴﻁﺔ   ﻨﺘﻴﺠﺔ ﺃﻭﻀﺤﺕ ﻤﻥ ﺍﻷﺒﻘﺎﺭ ﺒﻬﺎ ﺍﻷﺠﺴﺎﻡ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻠﺒﺭﻭﺴﻴﻼ، ﺒﻴﻨﻤﺎ 
 ﺍﻟﻤﻭﺠﺒﺔ ﻟﻼﺨﺘﺒﺎﺭﻴﻥ ﻜﺎﻨـﺕ ﺍﻟﻌﻴﻨﺎﺕ .ﺍﻴﺠﺎﺒﻴﺔﻤﻥ ﺍﻷﺒﻘﺎﺭ %( 52 )52 ﺃﻥ  ﺍﻟﻤﺼﻠﻲ ﺍﻟﺘﻼﺯﻥ
 ﺃﺘﻀﺢ ﺃﻥ ﺎﻬﻤﺒﺎﺭﻴﻥ ﻤﻊ ﺒﻌﻀ ﻋﻨﺩ ﻤﻘﺎﺭﻨﺔ ﻨﺘﺎﺌﺞ ﺍﻻﺨﺘ . ﺔﻤﻥ ﺍﻻﻨﺎﺙ ﻭ ﺍﻟﺫﻜﻭﺭ ﺒﺄﻋﺩﺍﺩ ﻤﺘﺸﺎﺒﻬ 
 ﺍﺨﺘﺒـﺎﺭ ﺍﻟـﺘﻼﺯﻥ  ﻜﺎﻥ  ﺒﻴﻨﻤﺎ ،%48ﺍﺨﺘﺒﺎﺭ ﺍﻟﺭﻭﺯ ﺒﻨﻘﺎل ﻤﺘﻭﺍﻓﻕ ﻤﻊ ﺍﺨﺘﺒﺎﺭ ﺍﻟﺘﻼﺯﻥ ﺒﻨﺴﺒﺔ 
ﻤـﻥ % 23 ﻥﻓـﺈ  ًﺎﻻﺍﺠﻤ  ـ.  ﻓﻘـﻁ %57ﺒﻨﺴﺒﺔ  ﻓﻲ ﻨﺘﺎﺌﺠﻪ ﺒﻨﻘﺎل  ﻤﺘﻭﺍﻓﻕ ﻤﻊ ﺍﺨﺘﺒﺎﺭ ﺍﻟﺭﻭﺯ 
  .ﺎﺭ ﺍﻟﺘﻼﺯﻥﺃﻭ ﺍﺨﺘﺒ/ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﻜﺎﻨﺕ ﺍﻴﺠﺎﺒﻴﺔ ﺒﺎﺨﺘﺒﺎﺭ ﺍﻟﺭﻭﺯ ﺒﻨﻘﺎل ﻭ
 ﻤﻨﻬﺎ ﺠﻤﻌﺕ ﻤﻥ ﺍﺒﻘﺎﺭ ﺤﻠﻭﺏ ﻋﻠﻲ ﺸﻜل ﻤﻨﻔـﺭﺩ 62 ﻋﻴﻨﺔ ﻟﺒﻥ، 001ﻭﻟﻘﺩ ﺘﻡ ﺠﻤﻊ 
 ﻴـﺔ  ﺍﻟﻤﺤﻠ  ﺍﺜﻨﻴﻥ ﻤﻥ ﺍﻷﺴﻭﺍﻕ  ﻋﻴﻨﺔ ﺠﻤﻌﺕ ﻤﻥ 47ﺩﻡ، ﻭ ﺍﻟﻤﻥ ﺘﻠﻙ ﺍﻟﺘﻲ ﺠﻤﻌﺕ ﻤﻨﻬﺎ ﻋﻴﻨﺎﺕ 
ﻓـﻲ ﻜﺎﻨـﺕ  ﻤﻨﻬﺎ  ﺘﺴﻌﺔ .ﻋﻴﻨﺔ ﻜﺎﻨﺕ ﺍﻴﺠﺎﺒﻴﺔ ﺒﺎﺨﺘﺒﺎﺭ ﺤﻠﻘﺔ ﺍﻟﻠﺒﻥ %( 51 )51ﻓﻘﻁ . ﻟﻤﺩﻴﻨﺔﺒﺎ
  ﻭ ﺫﻟـﻙ  ﺍﻷﺴﻭﺍﻕ  ﺘﻠﻙ ﺍﻟﺘﻲ ﺠﻤﻌﺕ ﻤﻥ ﻤﻥﺍﻟﻤﻭﺠﺒﺔ ﻜﺎﻨﺕ ﻥ ﺍﻟﻌﻴﻨﺎﺕ  ﻤ 6ﺍﻷﺒﻘﺎﺭ ﺍﻟﻔﺭﺩﻴﺔ ﻭ 
  . ﻋﻠﻲ ﺍﻟﺘﻭﺍﻟﻲ،%1,8ﻭ % 4,63ﺒﻨﺴﺒﺔ ﺍﻜﺘﺸﺎﻑ 
ﺍﻟﺘﻲ ﺠﻤﻌﺕ ﻤﻨﻬﺎ ﻋﻴﻨﺎﺕ ﺍﻟﻤﺼل ﻭ ﺍﻟﻠـﺒﻥ،  ﺒﻘﺭﺓ 62ﻭﻋﻨﺩﻤﺎ ﺘﻤﺕ ﻤﻘﺎﺭﻨﺔ ﻨﺘﺎﺌﺞ ﺍل 
  ﻭ ﻟﻜـﻥ  ﺍﻟﺭﻭﺯ ﺒﻨﻘﺎل ﻭ ﺤﻠﻘﺔ ﺍﻟﻠﺒﻥ ﻯ ﺒﻘﺭﺍﺕ ﻜﺎﻨﺕ ﺍﻴﺠﺎﺒﻴﺔ ﺒﺎﺨﺘﺒﺎﺭ 9 ﻬﺔ،ﻜﺎﻨﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻤﺘﺸﺎﺒ 
 ﻭ  ﺍﻟﻤـﺼﻠﻲ  ﻋﻴﻨﺎﺕ ﻓﻘﻁ ﻜﺎﻨﺕ ﺍﻴﺠﺎﺒﻴﺔ ﺒﺎﺨﺘﺒﺎﺭ ﺍﻟﺘﻼﺯﻥ6 ﺒﻴﻨﻤﺎ .  ﻓﻘﻁ%9,77ﺘﻭﺍﻓﻕ ﺒﻨﺴﺒﺔ 
  . ﺍﻻﺨﺘﺒﺎﺭﻴﻥﺍﻟﺘﻲ ﺃﻴﻀﺎ ﻜﺎﻨﺕ ﺍﻴﺠﺎﺒﻴﺔ ﺒﻜﻼ
ﻓﻲ ﺍﻷﺒﻘـﺎﺭ ﻓـﻲ ﺒﻤﺭﺽ ﺍﻟﺒﺭﻭﺴﻼ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﻨﺴﺒﺔ ﺍﻹﺼﺎﺒﺔ ﻫﺫﻩ ﻨﺘﻴﺠﺔ ﺃﻭﻀﺤﺕ 
ﺭ ﺍﻟﺭﻭﺯ ﻭ ﺃﻴﻀﺎ ﻗﺩ ﺃﻭﻀﺤﺕ ﺃﻥ ﺍﺨﺘﺒﺎ .  ﻋﺎﻟﻴﺔ ﺘﻌﺘﺒﺭﺒﻭﻻﻴﺔ ﺃﻋﺎﻟﻲ ﺍﻟﻨﻴل ﻭﺭﺒﻤﺎ ﻤﺩﻴﻨﺔ ﺍﻟﺭﻨﻙ 
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 ﻭ ﻤﺘﺸﺎﺒﻪ ﻓﻲ ﺍﻟﺤﺴﺎﺴﻴﺔ ﻤﻊ ﺍﺨﺘﺒﺎﺭ ﺤﻠﻘـﺔ  ﺍﻟﻤﺼﻠﻲ ﺒﻨﻘﺎل ﺃﻜﺜﺭ ﺤﺴﺎﺴﻴﺔ ﻤﻥ ﺍﺨﺘﺒﺎﺭ ﺍﻟﺘﻼﺯﻥ 
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INTRODUCTION 
 
        Members of the genus Brucella (Br.) cause disease primarily in 
domestic, feral and some wild animals; however, most are also 
pathogenic for humans. In animals, Brucella typically affects the 
reproductive organs, and abortion is often the only sign of the disorder 
(Luhi, 1998).                                                   
       Brucellae are Gram-negative bacteria, small (0.5-0.7×0.6-1.5), 
non-motile, non-capsulated coccobacilli, slow-growing and require 
complex media for isolation. The genus Brucella comprises six 
species, Br. abortus (mainly cattle), Br. ovis (sheep), Br. canis 
(mainly dogs), Br. neotomae (desert wood rat), Br. melitensis (goats 
and sheep) and Br. suis (mainly pigs) (Al-shamahy, 1997). Humans 
are mainly infected by Br. melitensis but can be infected by Br. 
abortus, Br. suis and Br. canis. Brucella is oftenly found carried by 
animals, but only incidental in humans. It can enter the body via the 
mouth, vagina or wounds. Once there, this intracellular organism can 
enter the blood and the lymphatics where it multiplies inside 
phagocytes and eventually cause bacteremia (Bardenstein et al., 
2002).                       
      Human brucellosis is either an acute febrile or persistent 
disease, with a wide variety of symptoms. High intermittent fever, 
malaise, fatigue and muscle and joint pains are the main symptoms. It 
is a true zoonosis (i.e. no human to human transmission has been 
identified). It is transmitted by ingesting infected food (unpasteurized 
milk, infected carcasses, etc), direct contact with an infected animal, 
or inhalation of aerosols. Minimum infectious exposure is between 
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10-100 organisms. Human brucellosis occurs primarily through 
occupational exposure (exposure to infected animals or their products) 
(Blasco et al., 1987).                     
The disease is controlled by the routine practice of pasteurizing 
milk and manufacturing of milk products from pasteurized milk, as 
well as by comprehensive campaigns to eradicate the disease by 
destroying domestic animals which exhibit positive serologic 
reactions to brucellae. Vaccines providing some protection to cattle, 
sheep and goats are available (Delvecchio et al., 2002).                     
       In the Sudan the first isolation of Brucella was in 1943 from a 
Friesian herd in Blue Nile Dairy Farm (Musa, 1990). But the first 
isolation of Br. abortus from local cattle was from a cow which 
aborted at Juba Dairy Farm. Prevalence of brucellosis in cattle in the 
Sudan was reported from different states. In Khartoum State, Khalid 
(2006) has reported a prevalence of 23.1%, in northern Sudan, 
Abdalla (1964) has reported a prevalence of 3%, in Darfur states, 
Raga (2000) has reported a prevalence of 6.2%, El-Ansary et al 
(2001) reported that 5% of cattle sera were found to be positive in 
Kassala, eastern Sudan; however, no reports were found from Upper 
Nile State.                                                                          
       Cattle population in Upper Nile State is considered big, it is 
estimated as more than one million (Administration of Animal Wealth 
Economics, 2006). Further, in spite of these large numbers of cattle, 
problems of animal health in this region received less attention from 
researchers, especially brucellosis. Due to these reasons the current 
study was conducted for the following objectives:    
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1-  To collect and establish data about bovine brucellosis in Al-
Renk area.  
2-  To diagnose the disease among cattle of Al-Renk area by 
detection of Brucella antibodies in serum and milk samples, 
using Rose Bengal test (RBT) and serum agglutination test 
(SAT) in conjunction with milk ring test (MRT).  
3-  To compare and interpret these results obtained by the three 
tests.  
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CHAPTER ONE 
LITERATURE REVIEW   
 
1.1 The genus Brucella:                                                               
        Brucella species are Gram-negative cocco-bacillary organisms; 
the species of this genus are: Br. Abortus, the usual causal agent of 
brucellosis in cattle, Br. melitensis in goats and sheep, Br. suis in pigs, 
Br. ovis in sheep, Br. canis in  dogs and Br. neotomae in desert wood 
rat. As the names indicate there is host specificity, but not absolute. 
Four are pathogenic in humans (Br. melitensis, Br. abortus, Br. canis 
and Br. suis). They are highly infectious, especially Br. melitensis and 
Br. suis. Food may serve as a vehicle for transmission. Attack with 
these organisms would probably have low mortality, and therefore be 
used as incapacitating agents (Al-Ballaa, 1995). 
 1.1.1 Taxonomy of the genus Brucella:                         
       Improvement of the knowledge on the taxonomy of Brucella 
plays a significant role in the solution of the questions of effective 
identification and differentiation study of museum cultures and their 
control as well as in scientifically grounded development of novel 
diagnostic and prophylactic preparation (Moreno., 1992). Brucella 
spp. are characterized by some definite enzymatic systems, e.g. the 
presence of cytochrome C, C+G content, which is 56-58 %, homology 
index in DNA hybridization tests (over 90%). The common 
intracellular cytoplasmatic protein fractions are regarded as a genus-
specific criterion. It has been established that some definite structural 
components of O-polysaccharide chain of S-LPS stimulate cross-
serologic reactions between the different species of Brucella and 
between Brucella and other related microorganisms (Ariza, 2003). It 
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has also been established that lipid extractions of microbial cells 
contain phospholipids and fatty acids typical only for Brucella. 
However, the problem of differential detection of species and biovar 
levels within the genus still remain. The extending potencies of using 
modern methods of biochemistry, molecular biology and genetics in 
the Brucella taxonomy, will enable rapid and reliable identification of 
brucellosis agents (Kovach et al., 1997).                                                                         
       Several molecular genotyping methods have been used to show 
that Brucella species display significant DNA polymorphism allowing 
the species to be differentiated, thereby justifying the current species 
classification (Corbel, 1973).                                                                   
1.1.2 Description of Brucella:                                                                      
Brucella species are Gram-negative, coccobacillary or short 
rods, 0.5 to 0.7 nm in diameter and 0.6 to 1.5 nm in length. They are 
non-motile, non-spore-forming, and non-capsulated. These species 
survive well in aerosols and resist drying. The bacterium can survive 
in carcasses and organs (up to 135 days), paper (32 days), soil (125 
days) and in blood at 4oC (180 days). They have a lipopolysaccharide 
coat that is much less pyrogenic than that of other Gram-negative   
organisms which accounts for the rare presence of high fever in 
brucellosis (Rodwan et al., 1986).                                                          
        Metabolism is aerobic; with oxygen acting as the terminal 
electron accepter via a cytochrome based electron transport system. 
Brucellae are positive for nitrate reductase, urease, oxidase, and 
catalase; while they are methyl red, Vogues-Proskauer and H2S 
negative. With the exception of Br. neotomae, no species forms acid 
from carbohydrates in peptone-water sugars. CO2 may be required for 
growth of some strains, especially in primary isolalation. Growth 
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occurs between 20 and 40oC, with an optimum growth temperature of 
37oC.                                       
       The optimum pH ranges from 6.6 to 7.4. Most strains require 
complex media containing several amino acids, such as thiamine and 
nicotinamide, magnesium ions (Patrick et al., 2003).                                                     
      Brucella is distinguishable from most other pathogens because 
it does not have obvious virulence factors like capsule, fimbriae, 
flagella, exotoxins, exoproteases, or other exoenzymes, cytolysins, 
resistance forms, antigenic variation, plasmids, or lysogenic phages 
(Mareno and Mariyan, 2002). In addition to this, analyses of three 
Brucella species have shown that their genomes lack the functional 
sequences of so-called classical virulence factors, pathogenic islands, 
and a complete set of genes to types 1, 2 and 3 secretion systems. It 
was found, however, that the bacterium recruits actins and activates 
GTP-ases when internalizes into cells (Mareno and Mariyan, 2002).     
         Brucella abortus internalization and intracellular growth in non 
phagocytic Vero cells has been shown by smooth virulent, smooth 
attenuated, and rough strains of the bacterium replicated within the 
cells. Rough strains were more adherent and entered more Vero cells 
than the other strains. The smooth virulent Br. abortus strains 
replicated intracellularly at a larger percentage than smooth attenuated 
or rough strains. These differences in adhesiveness and invasiveness 
are due to hydrophobicity of the bacteria as measured by hydrocarbon 
adherence. Both intracellular smooth and rough Brucella strains were 
found within cisternae of the rough endoplasmic reticulum. It was 
suggested that the movement to the rough endoplasmic reticulum is 
the limiting step in the infection of non phagocytic cells by Br. 
abortus (delleux et al., 1990).                                                              
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1.1.3 Culture of Brucella species:                                                 
         Brucella agar is a medium for the cultivation of Brucella 
organism. With the addition of 5% horse blood, the medium is used in 
qualitative procedures for the cultivation and isolation of non 
fastidious and fastidious microorganisms from a variety of clinical and 
non-clinical specimens (Ewalt et al., 2007). 
        Primary culture may be carried out on e.g. serum-glucose agar or 
chocolate agar. On primary isolation, 48-h colonies on serum-glucose 
agar are typically 0.5-1.0 mm in diameter, shiny, convex and entire. 
Brucellae are slow growing organisms, require 72 h for good growth.                        
It can grow on media containing basic fuchsin, thionin, thionin blue, 
penicillin, and erythritol (Ewalt et al., 2007). 
1.1.4 Molecular biology:  
        All members of the genus Brucella produce similar patterns on 
basic electrophoresis of acid phenol soluble protein (Fensterdank       
et al., 1982). Based on the DNA-DNA hybridization studies, it has 
been shown that the genus Brucella is a highly homogeneous group 
and as a result only one species Br. melitensis has been recognized in 
the genus. Ribosomal-ribonucleic acid DNA hybridization studies 
have indicated that the genus Brucella is related genetically to Agro-
bacterium, Mycoplasma, Phyllobacterium, Rhizobium and belongs to 
ribosomal ribonucleic acid super family (Araj and Azzam, 1996). 
1.1.5 Antigenic relatedness: 
The genus Brucella is highly characterized by means of having 
the o-chain polysaccharide antigens which have recently been 
characterized at the molecular level in Brucella abortus (Perry et al., 
1986). The structure (N-acylated-4-amino-6-dideoxy-D-mannose  
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repepeating  units in the o-chain) also exists with the o-chain of some 
other Gram-negative bacteria which allow antibody cross-reactions. 
The known cross-reacting species or strains are Yersinia 
enterocolitica serogroup O:9, Salmonella serotype N:30, Escherichia 
coli O:157 and O:116 serotypes, Pseudomonas maltophilia, 
Francisella tularensis and Vibrio cholerae. This potential for cross-
reaction complicates the use of anti-LPS serum as a diagnostic agent 
unless the presence of other known cross-reacting species can be ruled 
out on other grounds (Nielsen and Duncan, 1990). However, DNA 
homology studies have shown that members of the genus Brucella 
lack homology with other micro-organisms having similar guanine + 
cytosine percentage like Serratia marcescens, Escherichia coli, 
Agrobacterium tumefactiens and the phenotypically similar species; 
Francisella tularensis and Bordetella bronchiseptica (Ewalt et al., 
2007).                                                         
1.2 Brucellosis:  
         Brucellosis is a bacterial disease of ungulates that results in 
persistent infections and causes abortion. There is no effective 
treatment for infected animals. Among livestock, Brucella spp. are 
transmitted by direct contact with infected animals or with an 
environment that has been contaminated with discharges from infected 
animals, particularly during abortion or calving. Humans also are 
susceptible to infection with several species of Brucella spp. (Ryan 
and Ray, 2004).                 
1.2.1 The causative agent of the disease:  
         Brucellosis is caused by members of the genus Brucella. Species 
of this genus are Br. abortus, Br. melitensis, Br. ovis, Br. Suis, Br. 
canis and Br. neotomae. Within each species, multiple biovors or 
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strains were identified (Allardet-Servent, Bourg and Ramuz, 1988). 
Br. melitensis was subdivided into 3 biovars, Br. abortus into 7 
biovars, and Br. suis into 5 biovars. However, DNA hybridization 
analysis of Brucella has led to the proposal that the genus comprises 
only one organism, Brucella melitensis, and that the previously 
described organisms and their strains are actually bio-varieties of Br. 
melitensis (Montejo et al., 1994).                                                                                    
1.2.2 Natural distribution:  
        Brucellosis was first recognized as a disease affecting humans on 
the island of malta in the 19th and early 20th centuries. Brucella 
organisms can be found worldwide, but brucellosis is more common 
in countries having poorly standardized or ineffective animal and 
public health programs (Chamel, 1992).                                                                          
       Biovarieties vary with respect to geographic regions. Br. 
abortus, Br. ovis, Br. canis are more widespread. Br. melitensis and 
Br. suis are irregularly distributed. Br. neotomae infection of humans 
or domestic animals has not been reported, and its distribution appears 
to be limited. Domestic and wild animal reservoirs may serve as 
sources of infection of livestock and humans (Spink, 1956).   
1.2.3 Transmission: 
        Brucellosis is generally introduced into herds by infected 
animals, the organism localizes in the reproductive organs and/or 
udder. Infected animals may shed high numbers of bacteria in milk, 
aborted fetuses, vaginal discharges, placental membranes, and birth 
fluids. Susceptible animals can become infected via ingestion of 
pasture, feed, or water contaminated with these excretions (Spink, 
1956). Artificial insemination with infected semen can result in 
infection of the recipient cow. In swine, natural breeding is an 
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important method of transmitting the disease. Horses generally 
acquire the infection through contact with infected cattle or swine 
(Young and Cordel, 1989).                              
        Most human infections result from physical contact with infected 
animals or their excretions or consumption of contaminated or 
uncooked animal products. Infection can occur via inhalation, 
ingestion, via skin abrasions or mucous membranes Veterinarians, 
farmers, slaughterhouse workers, meat inspectors, laboratory 
technicians and animal handlers are at higher risk of exposure to 
Brucella organism. Transmission can also occur via organ 
transplantation, sexual contact, breastfeeding, or transplacentally. Pus, 
blood, bone marrow, synovial fluid, cerebrospinal fluid, urine and 
genital exudates from infected humans may be infective (Bricker and 
Halling, 1994). 
           Cow may lick aborted material or the genital area of other cows 
or ingest the disease-causing organisms with contaminated food or 
water. Despite occasional exceptions, the general rule is that 
brucellosis is carried from one herd to another by an infected or 
exposed animal. This mode of transmission occurs when a herd owner 
buys replacement cattle that are infected or have been exposed to 
infection prior to purchase. The disease may also be spread when wild 
animals or animals from an affected herd mingle with brucellosis-free 
herds (Allardet-Servent, Bourg and Ramuz, 1988).  
1.2.4 Pathogenesis:                                                                                   
      The incubation period of brucellosis in cattle, bison, and other 
animals is quite variable ranging from about 2 weeks to 1 year and 
even longer in certain instances. A typical incubation period would be 
1-8 weeks (Gerald et al., 2004).  Brucella species differ markedly in 
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their capacity to cause invasive human disease. Brucella melitensis is 
the most pathogenic and Brucella abortus is associated with less 
frequent infection and a greater proportion of subclinical cases. The 
virulence of Brucella suis strains for human varies but is generally 
intermediate (Allardet-Servent, Bourg and Ramuz, 1988).          
  The primary virulence factor for Brucella species is the cell 
wall lipopolysaccharide (LPS). Both smooth (e.g. Br. melitensis, Br. 
abortus, Br. suis) and rough forms (e.g. Br. canis) exist with strains 
displaying rough LPS that have much less virulence in humans. After 
opsonization and ingestion by phagocytic cells, organism can be 
maintained intracellularly within phagosomes. This occurs because of 
adenine and guanine monophosphate production, which inhibits 
phagolysosome fusion, oxidative burst activity, and tumor necrosis 
factor production (Michelle et al., 2001). Animal studies suggest that 
invading Brucellae are rapidly phagocytosed by polymorphonuclear 
leukocytes. Brucella spp. are frequently able to survive and multiply 
in these cells because they inhibit the bactericidal myeloperoxidase- 
peroxide-halide system by releasing 5-guanosine and adenine. Early in 
infection, macrophages are also relatively ineffectual in killing the 
intracellular Brucella. In systemic spread, it is not clear whether the 
bacteria are transported within neutrophils and macrophages or in the 
blood stream outside cells. Organisms may disseminate widely from 
regional lymphoid tissue and may localize in certain target organs 
such as lymph nodes, spleen, liver, bone marrow and (especially in 
animals) the reproductive organs. The presence of meso-erythritol in 
the testicles and seminal vesicles of bulls, rams, and boars and in the 
products of conception in pregnant ruminants and pigs stimulates 
enormous multiplication of brucella. Erythritol represents a potent 
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localizing factor in the relevant species, but is absent in humans 
(Alton, 1988).                                                                                                             
  However, most of the mechanisms that allow the bacterium to 
cause tissue tropism as well as way in which Brucella enters and live 
in such different host cells such as epithelial cells are not known. 
Brucella is generally known for causing joint infections, abortion and 
other reproductive complications in animals. The bacterium is also the 
cause of a rare, more severe systemic infection called 
neurobrucellosis, which results in the formation of Brucella 
granulomas in the central nervous system (Sohn et al., 2003).  
       In humans, the tissue lesions produced by Brucella species 
consist of minute granulomas that are composed of epithelioid cells. 
In cases of infection with Brucella melitensis these granulomas are 
particularly small, although the toxemia associated with this organism 
is great. Necrosis is not common, and abscesses do not form, except in 
Brucella suis infection. The fact that humans rapidly develop 
hypersensitivity to Brucella antigens suggests that many of the 
symptoms of human brucellosis result from the reaction of the host 
defenses (Alton, 1988). 
1.3 Bovine Brucellosis: 
       In cattle, brucellosis is primarily a disease of the female, the 
cow. Bulls can be infected but they do not readily spread the disease. 
The brucellosis organism localized in the testicles of the bull and 
produces an orchitis (inflammation of the testicles), whereas in the 
female the organism localizes in the udder, uterus, and lymph nodes 
adjacent to the uterus. The infected cows exhibit symptoms which 
may include abortion during the last third of pregnancy, retained 
afterbirth, and weak calves at birth. Infected cows usually abort only 
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once. Subsequent calves may be born weak or healthy and normal. 
Some infected cows will not exhibit any clinical symptoms of the 
disease and give birth to normal calves. The brucellosis organism is 
shed by the millions in the afterbirth and fluids associated with 
calving and aborting. The disease is spread when cattle ingest 
contaminated forages or lick calves or aborted fetuses from infected 
cattle. Outside the animal, the afterbirth, and aborted calves the 
Brucella bacteria are easily killed by sunlight, high temperatures and 
drying; however, the Brucella organism are difficult to control while 
they are in the animal; there is no economical cure for a brucellosis 
infected animal ( Young, and Cordel, 1989).  
1.4 Human brucellosis:  
        In humans, Brucella abortus causes undulant fever; a disease 
characterized by intermittent fever, headaches, fatigue, joint and bone 
pain, psychotic disturbances, and other symptoms. It is contracted 
through exposure to Brucella abortus contaminated milk and infected 
organs from infected animal. Livestock and slaughter industry 
workers, and consumers of unpasteurized milk and other dairy 
products made from unpasteurized milk are at the greatest risk of 
contacting undulant fever. Transmission occurs through contact with 
the tissues of infected animals at slaughter or ingestion of 
unpasteurized milk derived from infected cattle (Zygmunt et al., 
1994). 
 1.5 The situation of brucellosis worldwide: 
        Bovine brucellosis was recorded in 120 out of the 175 (68.8%) 
countries of the world (Nielsen and Ducan, 1990). Corbel (1989) 
reviewed that the situation of brucellosis globally and stated that: 
bovine brucellosis has been absent from European countries like 
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Denmark, Finland, Iceland, Australia, Bulgaria, Czechoslovakia, 
Hungary, Rumania and the former Yugoslavia, the disease was 
brought to low levels in Poland and former USSR and the remaining 
European countries. Brucella melitensis infection in sheep, goat and 
cattle in Europe is confined to the Mediterranean Region, France 
Spain, Portugal, Italy, Albania, Greece and Turkey. It is rare in 
Cyprus, Sporadic in Yugoslavia and was reintroduced in Switzerland 
and Germany from the Neighbnoring countries. In North America, 
bovine brucellosis was eradicated in Canada, but the infection still 
exists in wild bison herds. The country is free from Brucella 
melitensis and Brucella suis of pigs but Brucella suis biovor 4 is 
present in reindeer in the Arctic region. In USA bovine brucellosis 
was eradicated from most areas and reduced in some. In Asia Japan is 
free from bovine brucellosis, but Brucella canis was introduced in 
1990. In Arabian Peninsula and Israel Brucella melitensis exists. 
Brucella abortus is also prevalent in Syria, Israel, Saudi Arabia, Iraq 
and Yemen. In Iran Brucella abortus and Brucella suis were reported 
in cattle. In Libya Brucella melitensis was found in sheep and goat. 
The same species is a major problem in Tunisia. In Algeria and 
Morocco bovine ovine and caprine brucellosis is reported. Both 
Brucella abortus and Brucella melitensis were reported in Mali, 
Mauritania and Niger. Bovine brucellosis caused by Brucella abortus 
has been recognized as a major problem in Senegal. Ivory coast, Togo 
and Nigeria and Brucella melitensis was reported in Cameroon, 
Senegal, Togo and Nigeria and Brucella suis in Ivory coast, Senegal 
and Togo. In Chad Brucella abortus and Brucella melitensis were 
reported in cattle and goat. In Central African Republic, Congo, 
Burundi, Rwanda and Zaire Brucella abortus was reported in addition 
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Brucella melitensis is occurring in Zaire. In East Africa bovine 
brucellosis is common in Uganda, Kenya, Ethiopia, Tanzania and 
Somalia. In southern America Brucella abortus, Brucella melitensis 
and Brucella suis exist in the relevant species (khalid, 2006). 
 1.6 Brucellosis in the Sudan:  
        Brucellosis in the Sudan was first reported from human cases as 
early as 1908 (Haseeb, 1950). Brucella abortus was first isolated from 
dairy farm in Khartoum (Bennett, 1943). While Brucella melitensis 
was isolated from goat milk among British residents in the Gezira area 
in 1953 (Daffalla and Khan, 1958). The organism was also isolated 
from camels in Butana area (Agab et al., 1995). Thereafter, many 
investigators reported the disease from different parts of Sudan 
(Daffalla, 1962; Shigidi and Razig, 1971; Musa and Mitchell, 1985). 
In a review of the situation of brucellosis in the Sudan (Musa, 1990). 
Cited prevalence of the disease in man, cattle, camel, sheep, goats and 
equines and concluded that the highest prevalence rate was 
encountered in intensive farming systems and under nomadic 
conditions. In Darfur State, western Sudan, the prevalence of the 
disease in cattle was found to range between 14 and 26% in South 
Darfur State which is known to be the richest one in animal 
population in the country (Musa, 1990).                                                                           
1.7 Diagnosis:  
        Diagnosis can be made clinically if there is a history of exposure. 
Blood cultures may be positive early in the disease course, but 
serology is the mainstay of diagnosis. Interpretation is complicated by 
sub-clinical infections and persistent levels of antibody (Araj and 
Azzam, 1996).                                  
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         Unequivocal diagnosis requires isolation of the organism. Blood 
culture is the method of choice but specimens need to be obtained 
early in the disease and cultures may need to be incubated for up to 
four weeks. Even so, failure to grow the organism is common, 
especially in cases of Br. abortus infection, modern commercial 
systems are hampered by the small amount of CO2 produced during 
growth. Culture from bone marrow and from presenting foci may be 
successful (Velasco et al., 1998).     
          Demonstration of the serologic diagnosis of Brucella, two to 
three weeks after sample collection is diagnostic for brucellosis 
(Ajlouni, and Shaker, 1997).                                         
         Serology remains the mainstay of laboratory diagnosis, but the 
interpretation of results is fraught with difficulties. The large number 
of techniques in use is evidence of the problems. The standard serum 
agglutination test (SAT) has been augmented by the modified Coombs 
(antigloulin) technique and the use of 2-mercaptoethanol to separate 
the actions of specific IgG and IgM. These classical methods may, in 
time, be supplemented by EIA (enzyme immunoassay) tests, designed 
to differentiate between specific IgM and IgG antibodies (Bricker and 
Halling, 1994).                                                                                                      
Methods for diagnosis include:                     
1- Culture of samples as to isolate the causative agent.                               
2- Demonstration of Brucella or organisms in suspected samples 
by staining with either modified Kosters method (Christofferson 
and Ottosen, 1941) or modified Ziehl Neelsen stain. These 
methods are not specific for Brucella organisms, as Coxiella 
burnetti was found to be stained red as Brucella (Corbel, 1973).                          
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3- Microscopical identification by immuno-fluorescense. This 
method is specific and dependable in differentiating between 
Brucella infection and that of Q-fever (Corbel, 2002).                                          
4- Guniea pig inoculation; this method is more successful than 
direct culture especially from contaminated material. Guinea 
pigs are injected intramuscularly and killed after 4-5 weeks of 
inoculation. Then their sera are tested by serum agglutination 
test (SAT). Recovery of the organism from the spleen or 
positive SAT at 1/10 serum dilution or over are taken as 
evidence of infection (Brinely, 1967). 
5-      Different serological tests.           
1.7.1 Isolation of the organism: 
            The isolation of Brucella species is a proof of infection, 
although failure to do so does not prove the absence of infection. 
Members of the genus are strict aerobes. Biotypes 1, 2, 3 and 4 of 
Brucella abortus and Br. ovis require 5-10% added CO2 for growth 
especially on primary isolation.                                                                                       
           Materials from which isolation of Brucella are best attempted 
such as placenta, milk, vaginal mucus are often heavily contaminated 
and the contaminants tend to overwhelm the slower growing Brucella 
(Holmes et al., 1988). The Brucella abortus organism can be isolated 
from fetal lymph nodes, placenta, milk, vaginal mucus, uterine 
exudates or semen. A nucleic acid probe assay is being developed for 
easier identification of Brucella abortus (Zygmunt et al., 1994).                                    
1.7.2 Serological tests: 
        Serological testing is a valuable adjunct to culture- and 
molecular-based methods for the laboratory diagnosis of brucellosis. 
Various serologic assays have been described. These tests detect 
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antibodies present in serum, milk, vaginal mucus and seminal plasma. 
The serological diagnosis is considered unreliable when performed 
during the period of 2 to 3 weeks before and after abortion or calving 
(Al-Shamahy, 1997).  
          Very sensitive tests are in use for screening, and definitive ones 
for confirmation of infection. Usually more than one type of test is 
used because there is no single test which is both sensitive and 
specific, has the ability to discriminate between vaccinated and non 
vaccinated animals and could distinguish between antibodies due to 
infection from those of cross reactions. Many serological tests were 
developed for diagnosis of brucellosis using body fluids such as sera, 
hygroma fluids, milk, vaginal mucus, semen and bursa and muscle 
juices. These tests are: Rose Bengal plate test (RBPT), serum and tube 
agglutination tests (SAT and TAT), complement fixation test (CFT), 
card test, plate agglutination test, modified SAT, Coombs test, indirect 
haemolysis test (IHT), haemolysis in gel test (HIGT), indirect 
haemagglutination test (IHAT), enzyme linked immunosorbent assay 
(ELISA), milk ring test (MRT), whey agglutination test and allergic 
skin test (AST). But according to the WHO working group on 
brucellosis (1992), RBT, MRT, ELISA and CFT are the conventional 
diagnostic methods and should continue in use for brucellosis 
surveillance (Douglas et al., 1987).                                                 
1.7.2.1- Rose Bengal test (RBT): 
          This is a rapid and simple screening test that is useful for 
detecting early infection (Corbel, 2002). The Rose Bengal test or 
buffered Brucella antigen (BBA) is a rapid slide agglutination 
procedure for the direct detection of Brucella antibodies in human and 
animal sera. The bacterial suspension is reactive with both IgG and 
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IgM antibodies being detected earlier (sub-clinical infection) and for a 
larged period during the disease (chronic stage) than the conventional 
agglutination test. The assay is performed by testing the buffered    
(pH 3.6) suspension of Brucella abortus strain 19, colored with Rose 
Bengal against unknown sera. The presence or absence of a visible 
agglutination indicates the presence or absence of antibodies in the 
sample tested.                                                   
          In the serological diagnosis of brucellosis in humans the BBA 
test appears to have its main value in epidemiological survey to 
delineate potential risk of infection in various population groups (Rose 
and Roepke, 1957).                                                                             
    The Rose Bengal plate test is a rapid slide agglutination test in 
which the antigen consists of Brucella abortus stained with Rose 
Bengal. The test is rapid and cheap. It provides results comparable to 
the tube-agglutination and complement-fixation tests, and it gives 
negative reactions sooner in vaccinated calves, an advantage in 
distinguishing vaccinated from infected animals (Thabet, 1993).                                    
1.7.2.2 Serum agglutination test (SAT): 
          The serum agglutination test will detect non-specific antibodies 
as well as those that are specific for Brucella abortus infection and 
vaccination. SAT is available to detect both IgM and IgG antibodies, 
although cross-reaction to Francisella tularensis may occur (Ariza, 
2003). Febrile antigens are used in agglutination test and aid in the 
diagnosis of certain febrile diseases such as brucellosis. The patient's 
serum is tested directly for homologous antibodies by either a slide or 
tube agglutination test. These tests are qualitative and semi-
quantitative. The rapid slide test is especially useful when large 
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numbers of sera must be examined. The tube test should be used to 
confirm positive results obtained by the slide test (Moreno, 1992).                                
Although the serum agglutination test remains the most 
commonly used diagnostic test for bovine brucellosis, its limitations 
are recognized. Not all infected cattle show a diagnostically 
significant titer, which may be negative during the incubation stage. In 
animals exposed for the first time during pregnancy, it is not unusual 
for agglutination to appear only several days to two weeks after 
abortion or parturition. Also, during the later stages of pregnancy, a 
small proportion of animals show a transitory reduction in titer 
associated with the physiological movement of immunoglobulins from 
the circulation to the mammary gland. The tests may be negative in 
chronic infections also.                                                
Following vaccination with strain 19, agglutinins may persist 
longer than antibodies detected with other tests. Heterospecific 
agglutinins, due to cross reactions with other organisms, may interfere 
in some cases (Fensterdank et al., 1982).                                                                         
1.7.2.3- Milk ring test (MRT) (antibody detection in milk): 
        This test is a satisfactory and inexpensive test used for 
surveillance of dairy herds for brucellosis (Rose and Roepke, 1957). 
An adaptation of the agglutination test uses hematoxylin stained 
whole cell antigen added to milk, if antibody is present in the milk, it 
will attach to milk fat globules via its Fc portion. These antibodies 
will agglutinate with the antigen and as the fat globules rise in the 
milk, a purple band will appear at the top of the milk, if no antibodies 
are present, the band will remain buff-colored (Velasco et al., 1998).                           
The milk ring test is most practical method for lactating 
infected dairy herds and for surveillance of brucellosis-free herds. It is 
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performed on samples obtained from milk that is in cans or in bulk, 
and if repeated at least three times a year on each herd will detect the 
vast majority of infected herds. In eradication programs, herds that 
show a positive ring test should be examined by serological tests to 
identify the infected animals. Continual surveillance of brucellosis-
free herds is the simple procedure with the milk ring test. Samples 
collected for routine determination of butterfat can be tested 
periodically by the milk ring test. The original procedure has been 
modified to maintain uniform sensitivity of the test under various 
conditions, i.e., for the examination of samples of cream, preserved 
milk, milk from bulk tanks, and milk from very large dairy herds   
(Al-Shamahy, 1997).                                                                                               
       Vaccination of adult animals with Brucella abortus vaccine 
strain 19 can produce positive reactions to the milk ring test. False 
positive or suspicious reactions may be obtained during the drying-off 
period if colostrum is present in the sample or if mastitis is present in 
the herd (Kovach et al., 1997).                                                                           
1.7.2.4 Enzyme liked immunosorbent assay (ELISA): 
         This test has been useful during eradication programs after 
vaccination has ceased and is used for screening or as a supplemental 
test to the complement fixation test. The ELISA test has superior 
sensitivity and reliably and detects true negative results (Douglas et 
al., 1984). Serum samples producing low level positive antibodies 
titers in SAT, CFT and Rose Bengal test did not react uniformly when 
tested by five different commercial ELISA test kits (Dabdoob and 
Abdulla, 2000).  
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1.7.2.5- Complement fixation test (CFT): 
         This test has good specificity and is the most definitive test at 
the point in time aside for bacterial isolation (Letesson et al., 1997). 
The complement fixation test can look for the presence of specific 
antibody in a patient serum. It uses sheep red blood cells (sRBC), anti-
sRBC antibody and complement, plus specific antigen.                                                  
        If the antibody is present in the patient serum, then the 
complement is completely utilized, so the sRBCs are not lysed. But if 
the antibody in not present, then the complement is not used up, so 
sRBCs are lysed (Crit, 1990).                                                                
1.7.2.6 Precipitation test:  
         Agar gel immunodiffusion (AGID) and single radial 
immunodiffusion (SRID) tests were the first tests to distinguish 
vaccinal from that resulting from field strain infection with Brucella 
abortus. An antigen, polysacchride B, derived from Br. melitensis was 
used, either incorporated into the agar matrix in SRID, followed by 
addition of the test serum to a well cut in the agar matrix or in the 
AGID, added to a well in the agar matrix adjacent to another 
containing test serum. If antibody was present, a ring of precipitation 
would appear within a couple of hours or after a longer incubation 
period with sera containing fewer antibodies (Nielsen, 2002).   
1.7.2.7 Whey agglutination test: 
       It is a tube test performed with whey milk. It is used when dealing 
with problem herds because it was claimed to less affected by non 
specific factors, yet it is less sensitive than MRT (McEwen, 1940).  
1.7.2.8 Rivanol test: 
        Rivanol, 2-ethoxy-6, 9-diaminoacridine lactate, is added to serum 
causing high molecular weight glycoprotein to precipitate. The 
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precipitate is then removed by centrifugation and a rapid agglutination 
test using serum diluted 1:25, 1:50, 1:100 is performed. This test is 
fairly labor intensive and mostly used as confirmatory test (Nicoletli, 
1969).  
1.7.2.9 Radioimmunoassay (RIA): 
        Radioimmunoassay is a scientific method used to test antigens 
without the need to use a bioassay. It involves mixing known 
quantities of radioactive antigen with antibody to that antigen, then 
adding unlabeled antigen and measuring the amount of labeled antigen 
displaced. Initially, the radioactive antigen binds the antibodies. When 
cold (unlabeled, quest) antigen is added, the two antigens compete for 
antibody binding sites at higher concentrations of cold antigen, more 
of it binds to the antibody, displacing the radioactive variant. The 
bound antigens are separated from the unbound ones (Young, and 
Cordel, 1989).                          
1.7.2.10 Indirect hemolysis test (IHT): 
        An indirect hemolysis (IHT) test was compared with four 4 other 
serologic procedures in sensitivity and specificity, using bacteriologic 
findings from cattle with Brucella, Infected herds. The test was more 
sensitive that the complement-fixation and tube agglutination test, was 
similar to the rivanol test, and was slightly inferior to the cord test. It 
was more specific than the rivanol, card, and tube agglutination test, 
but had less specificity than the complement fixation test. Results of 
all procedures were affected in varying degrees by the method of 
vaccination and time period of sample collections after vaccination 
(Dabdoob and Abdulla, 2000). 
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1.7.2.11 Allergic skin test (AST):  
     AST in cattle the test could be used to confirm or correct the 
result of serological test. In some countries, it was found to be 
equivalent to serological tests in cattle. AST performed strictly into 
the skin. The site of injection depends on the animal species. The test 
is specific and does not react to cross reacting organisms. (Kolar, 
1990). A small amount of the suspected allergy-provoking substance 
(the allergen) is placed on the skin. The skin is then gently scratched 
through the small drop with a special sterile needle. An allergy skin 
test is also called a scratch test (Dabdoob and Abdulla, 2000)                                        
1.7.3 Molecular techniques: 
1.7.3.1 Polymerase Chain reaction (PCR): 
         PCR is a biochemistry and molecular biology technique for 
enzymatically replicating Brucella DNA. Like amplification using 
Brucella organism, the technique allows a small amount of Brucella 
DNA to be amplified exponentially. PCR is commonly used in 
medical and biological research labs for a variety of tests, such as the 
detection of Brucella. Serum sample should be used preferentially 
over whole blood for the molecular diagnosis of brucellosis (Zerva    
et al., 2001). Was used to diagnose brucellosis in goats, cattle and 
humans and it was shown to be more sensitive that the RBT and 
culture techniques (Leal-kievezas et al., 2000). The development of 
the PCR has offered a new dimension in the diagnosis of different 
microorganisms, which is possible in just a few hours. Over the past 
decade, there have been major advancements in all aspects of 
molecular diagnostics with regard to brucellosis. PCR-based tests are 
proving to be faster and more sensitive than traditional methods. 
However, the sensitivity and specificity of the PCR for Brucella vary 
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between laboratories and no standardization of sample preparation, 
target genes and detection methods have been established yet. All the 
important aspects of the PCR for Brucella DNA detection and its 
utility in diagnosis and follow-up of patients with brucellosis are 
reviewed (Letesson et al.. 1997).                                             
1.8 Control and Eradication: 
       The brucellosis control and eradication program has been and 
continues to be multi-faceted; the program uses surveillance testing at 
the farm, at the stock markets, and at slaughter facilities; quarantine 
and herd depopulation with indemnity payments; herd management; 
and vaccination. Any bovine that is known to be infected with the 
field strain of Brucella abortus is required to be placed under 
quarantine until slaughtered.                                                                                             
Individuals who are occupationally exposed can be protected to 
some extent by wearing impermeable clothing, rubber boots, gloves 
and face masks and by practicing good personal hygiene. 
Pasteurization of milk for drinking and for incorporation into other 
dairy products is effective in protecting consumers. No widely 
accepted vaccines for human have been developed but progress in the 
understanding of Brucella epitopes and of immunology could change 
this (Zygmunt et al., 1994).                                                                  
However, eradication of brucellosis from domestic animals 
reduces dramatically the threat to humans and has been successful in 
several countries. In eradication campaigns, the level of enzootic 
disease can first be reduced by intensive use of live, attenuated 
vaccines (Brucella abortus strain 19 in cattle, Brucella melitensis 
strain Rev. 1 for sheep and goats) particularly in immature animals. 
Thereafter, the emphasis shifts to the detection of infected herds      
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(by skin tests in sheep; serologic tests on milk or blood samples taken 
at sale or slaughter in cattle) and individual animals (by serologic 
tests) and to the elimination of the latter by slaughter (Bricker and 
Halling, 1994).                                                               
1.9 Control of brucellosis in the Sudan: 
          It was recommended that the first step towards control of 
brucellosis is education of all people concerned. These include 
nomads, animal owners, abattoir and butcher-house workers, and 
veterinary staff. The second step is to convince animal owners to get 
rid of infected animal by selling them for slaughter under veterinary 
supervision. The most important control measures should be 
vaccination coupled with steps above. In Sudan no vaccination 
programs were adapted to protect animal against Brucella (Musa, 
1995).                                                                                           
1.10 Vaccination: 
        Far cattle and bison in heavily infected areas or replacement 
animals added to such herds, officials recommend vaccinating heifers 
with an approved Brucella vaccine. The vaccine is a live product and 
must be administered only by an accredited veterinarian or state or 
animal health official. For best results, female calves should be 
vaccinated when they are 4 to 6 months old at the time of vaccination 
(Ajlouni and shaker, 1997).                    
1.10.1 Vaccine work: 
       Brucella abortus vaccine produces bodily response that increases 
the animals resistance to the disease. However, vaccination is not 100-
percent effective in preventing brucellosis, it typically protects about 
65 percent of the vaccinated cattle from becoming infected by an 
average exposure to Brucella (Velasco et al., 1998).   
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1.10.2 Strain-19 vaccine: 
       Strain-19 is a live vaccine that stimulates the immune system of 
the vaccinated animal to resist a brucellosis disease challenge, produce 
antibodies against the disease organism, and kill off the vaccine 
organisms. Normally a vaccinated animal will retain the resistance to 
disease for an extended period of time (years) but the detectable 
antibodies will disappear in a few months. Calves born to Strain-19-
vaccinated cows will acquire anti-brucellosis antibodies from the cow 
through the colostrums (first-milk) immediately after birth. These 
acquired antibodied will normally be circulating in the calves blood 
system for 4-6 months, and can neutralize or kill the live vaccine 
organisms if the calf is vaccinated during the time it still possess the 
antibodies. Hence, it is required that no heifer calf be vaccinated 
before 4 months of age (Taylor and McDiarmid, 1949).                                                  
The serological tests used to de detect brucellosis-infected cattle 
cannot differentiate between antibodies produced against the Strain-19 
vaccine and antibodies produced against the brucellosis disease 
organism (Holmes et al., 1988)                                                            
1.10.3 Vaccine RB-51: 
       In 1996, the USDA officially recognized and used a new 
brucellosis vaccine for vaccinating cattle against the disease, like 
strain-19, the new vaccine, RB-51 is a live vaccine derived from the 
cattle brucellosis bacteria, Brucella abortus. Unlike strain-19, 
however, RB-51 vaccine does not stimulate antibodies that are 
detected by the standard brucellosis serological tests. The vaccination 
age of heifers is between 4-10 months of age and proper permanent 
identification is required of all vaccinated cattle (Holmes et al., 1988).  
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1.10.4 Br. melitensis Rev. 1 vaccine: 
Rev 1 vaccine is live, attenuated Brucella metitensis strain 
derived from a virulent Brucella melitensis isolate with became 
dependent on streptomycin for its growth, but lost this characteristics, 
although remaining streptomycin resistant, upon further subculture 
(Elberg and Faunce, 1957). It stimulates protection against infection 
with Brucella melitensis in sheep and goats and also protects rams 
against infection with Brucella ovis (Alton et al., 1967). This vaccine 
is attenuated when compared with field strains but retains some 
virulence (Alton et al., 1967). Depending on the dose administrated 
during pregnancy, abortion will occur with variable frequency (Alton 
et al,. 1975). Apparently in rams the vaccine is a virulent or of low 
virulence (Lantier and Fensterbank, 1985). Rev 1 is smooth organism, 
therefore it induces positive serology which interferes with the 
diagnosis. The use of Rev 1 in cattle has been investigated and results 
indicate that it gives better protection than strain-19 (Garcia, 1980).                         
1.10.5 Brucella abortus strain 45/20 Vaccine: 
         Brucella abortus smooth strain 45/20 was isolated from cow 
1922 and a rough derivative was obtained after 20 passages in guinea 
pigs, this derivative was able to protect guinea pigs and cattle from 
Brucella infection (McEwen and Pristley, 1938). Unfortunately, when 
used as a live vaccine, strain 45/20 was not stable and tended to revert 
to the smooth, virulent form, thereby defeating the purpose of using 
rough strains, usually associated with attenuation and inability to 
induce positive, diagnostic serology (Edwards et al., 1945).                                           
1.11 Treatment: 
       A long term treatment with a high dose of oxytetracycline (1000 
mg/ day/ six weeks, i/p) had completely eliminated, Br. melitensis 
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from naturally infected sheep (Radwan et al., 1987). In human 
however many anti-microbial agents are used for the treatment of 
Brucellosis, such as Tetracycline, Trimethoprin, Sulfamethoxazole 
and Streptomycin.    
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CHAPTER TWO 
MATERIALS AND METHODS 
 
2.1 The area of the study:  
       This study was conducted at Al-Renk area in the northern part of 
Upper Nile State (UNS), southern Sudan. UNS is located in the 
southern-eastern part of the Sudan. The borders of the state are 
composed of Bahr-el-Jabal State at the South, Southern Kordafan 
State at the West, the White Nile State at the North and the Blue Nile 
State and Federal Democratic Republic of Ethiopia at the East (Fig. 
1).                                                                                 
        The UNS occupies about 75,625 km2 in poor savanna; it is 
characterized by heavy rains from May to November. Mainly it is 
resided by Shulok tribe, in addition to other tribes such as Dinka and 
Nuir. The main profession of the people is animal rearing and 
agriculture.                                                 
The area of Al-Renk province is about 28,000 km2, the majority 
of this area is considered as agricultural area and the rest is a grazing 
area. 
2.2 Data on brucellosis and other animal diseases and their  
      control:  
Animal resources in the area consist of cattle, goats and sheep. 
The total numbers of animal species in UNS is: 2,203,849 for cattle, 
1,423,319 for sheep and 964,184 for goats (Administration of Animal 
Wealth Economics, 2006). Cattle are mostly belonging to Nilotic type; 
only few numbers belong to other breeds such as Red Baroro, White 
Nile cattle and Kenana cattle.                                                                                          
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        The main diseases which are controlled by annual vaccination in 
the UNS are: hemorrhagic septicemia, black quarter, anthrax, 
contagious bovine pleuropneumonia, sheep pox and peste de petite 
ruminants. The main diseases that can be controlled by medicinal 
treatment are those of ticks, mites, liver flukes and other internal and 
external parasites. Some other diseases receive no method of control, 
of which are brucellosis, lumpy skin disease and foot and mouth 
disease.  
Al-Renk was chosen because the data about brucellosis is 
scarce and no researches were done on this disease in the Upper Nile 
State, also because farmers are suffering from the disease 
consequences (abortion and loss of animals). The farmers claimed that 
abortion in cattle usually occurred during the third trimester and they 
ignored the disease. No report was found about human brucellosis in 
Al-Renk hospitals.                                                                                                     
         For the reason of the war, there is no specific map for all the 
existing diseases in the state, as a general view. Moreover, there is a 
lack of laboratories in the state; only one laboratory, which is poorly 
equipped, is found in Malakal town, as well as a lack of qualified 
cadres to run the work.                                                                                             
         It was noticed that there are lots of organizations which work in 
the field of animal resources, but without or with little co-ordination 
with the regimen of the state and their role in the development of 
veterinary services is almost negligible.                            
  The local regimen as well as Upper Nile University also have 
little contribution to develop the veterinary services, which could be 
attributed to their very narrow financial capability.  
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2.3 Sterilization and disinfection: 
 
2.3.1 Hot air oven: 
It was used to sterilize Pasteur pipettes and test tubes for milk 
ring test. The holding period was 1 h and temperature was 160°C. 
 
2.3.2 Moist heat (autoclaving): 
Universal bottles for collection of milk samples were sterilized 
by autoclaving at 121°C (15 Ib/inch2) for 15 minutes. 
 
2.3.3 Alcohol (70%): 
Seventy milliliters of absolute alcohol were dissolved in 30 ml of 
distilled water, mixed well and kept until being used .  
   
2.4 Collection of samples:  
 Samples for detection of antibodies to Brucella in cattle were 
blood and milk samples. 
2.4.1 Blood samples:  
One hundred blood samples were collected randomly from both 
sexes of cattle at four different sites of Al-Renk town; the slaughter 
house, the northern, southern and middle parts of the town. 
Distribution of samples according to sex and location of cattle is 
shown in Table I. Number of samples was roughly taken according to 
cattle population in these sites.  
The blood samples were taken aseptically from the jugular vein 
by 10 ml-sterile syringes. Before introducing the needle of the syringe 
into the vein, the area was disinfected by 70% alcohol. After blood 
withdrawal, syringes were put in an inclined position and kept at room 
temperature for separation of serum. The serum portion was then 
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gently poured into disposable small sterile tubes and kept deep-
freezed for serological testing. 
 
Table I. Distribution of blood samples according to sex and  
               location of cattle 
 
Total Female Male Site  
20  5  15  Slaughterhouse 
20  10  10  Northern part
50  50  _  Southern part 
10  3  7  Middle part 
100  68  32  Total
 
2.4.2 Milk samples: 
A total of 100 milk samples were collected; 26 of them were 
collected from individual lactating cows from the middle and the 
southern part, which were also sampled for sera, while 74 samples 
were collected from milk sold at local markets (Table II). Milk 
samples were collected in sterile universal bottles. 
Table II.  Sources of milk samples 
Source of samples No. of samples tested % from total samples 
a. Markets   
                 Market 1 44 44 
                 Market 2 30 30 
b. Individual cows   
          Southern part 21 21 
          Middle part 5 5 
Total 100 100 
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2.5 Serological tests: 
Three serological tests were used for detection of Brucella 
antibodies in serum and milk; they were Rose Bengal test (RBT), 
serum agglutination test (SAT) and milk ring test (MRT). The 
reagents for RBT and MRT were obtained from the Brucella 
Department, Central Veterinary Laboratory (CVL), Soba, Khartoum, 
while that for SAT (Brucella abortion antigen) was obtained from the 
market (Muslco sj, Jeddah).  
2.5.1 Rose Bengal test: 
Test procedure: 
         The serum samples were removed from the deep-freezing and 
placed at room temperature for one hour to thaw. The antigen was also 
put out from the refrigerator. 
         According to Alton et al. (1988), equal volumes (30 µl) of 
undiluted serum and stained antigen were placed on a clean plate 
(slab), mixed well with a glass rod, rocked gently for 4 minutes and 
then the test was read. Any degree of agglutination was considered as 
a positive result, while no agglutination was negative result. 
2.5.2 Serum agglutination test:            
Test procedure: 
          After thawing of test sera, one drop of a test serum (30 µl) was 
put on a clean glass slide. The bottle of the reagent was shacked and 
an equal volume of the antigen was taken by a sterile standard dropper 
and added to the drop of the serum. The serum/antigen mixture was 
mixed well using a stirring stick and then the glass slide was rotated 
for 4 to 5 min. Any visible agglutination was considered a positive 
result.  
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2.5.3 Milk ring test: 
Test procedure: 
         One milliliter of whole milk of a test sample, that has been 
stored for at least 24 hours at 4°C, was taken by a sterile graduate 
pipette fitted with a teat rubber and put into an agglutination tube. 
Then a volume of 30 µl of the antigen was taken by a sterile standard 
dropper and added to the milk in the agglutination tube. The 
milk/antigen mixture was incubated at 37°C for 1 h, together with 
positive and negative control samples. If a blue colour appeared only 
in the cream layer at the top of the fluid column, the test was 
considered positive.   
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CHAPTER THREE 
RESULTS 
 
3.1 Data on brucellosis in Upper Nile State: 
            The disease was/is receiving no importance by the local 
veterinary authorities and it is also totally ignored by animal owners in 
this state. No type of control method is exerted by the local veterinary 
cervices. Brucellosis is not among the diseases which are annually 
vaccinated for. Further, human hospitals have no any record or report 
about the disease in man.         
According to Animal Resources Administration, UNS, the total 
population of cattle, goats and sheep is 4,591,351. This big sum of 
animal species population is now under the risk of brucellosis. Also, 
since the bulk of residents in this state are in contact with the animals, 
their products or both, they are also considered at risk.  
 
3.2 Results of serological tests: 
3.2.1  Rose Bengal test: 
      The 100 serum samples which were collected from four 
sites at Al-Renk town were all tested by RBT. Twenty-eight (28%) of 
them were found positive by this test. They showed clear granular 
agglutination which was visible by the naked eye. Distribution of 
positive samples according to the selected sites in the town is shown 
in Table III. Out of 20 samples collected from the slaughterhouse (15 
males and 5 non-lactating females), 5 (25%) were positive, two 
females and three males.                                       
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Out of 20 samples collected from the middle of the town (10 
males and 10 females, 5 lactating), two lactating and one non-lactating 
cows and one bull were positive.                                                               
In case of the southern part of the town, out of 50 samples (all 
females, 26 lactating and 24 non-lactating), 18 (36%) were positive.  
In the last site, the northern part, out of 10 samples (7 males and 
3 non-lactating females), only one female sample was positive.  
 
       Table III.  Detection of Brucella antibodies in hundred bovine  
serum samples based on RBT at Al-Renk area 
 
No. of samples 
tested  
No. of positive 
samples 
Site 
Male Female Male Female 
% 
positive 
Slaughterhouse 
 
Northern part 
     
Southern part 
  
Middle part 
  15 
 
       7 
 
       - 
 
     10 
      5 
 
      3 
 
    50 
 
    10 
3 
 
    - 
     
    - 
 
    1 
 2 
 
      1 
 
    18 
 
      3 
 25 
 
      10 
 
 36 
 
      20 
 
 
Total  
 
100 
           
28 
 
28 
                          
3.2.2 Serum agglutination test: 
The 100 serum samples tested by RBT were also tested by SAT. 
Twenty-five (25%) of them were found positive by SAT. How these 
positive samples are scattered between the samples from the four sites 
of the town was answered in Table IV. Five (25%) of the samples 
collected from the slaughterhouse were found positive, two females 
and three males. Four (20%) of the samples collected from the middle 
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of the town were found positive, one non-lactating and two lactating 
cows and one bull were positive. In case of the southern part of the 
town, 16 (32%) of samples showed positive result. In the last site, the 
northern part, only one female sample gave positive result.  
 
  Table IV.  Detection of Brucella antibodies in hundred bovine serum  
                 Samples based on SAT at Al-Renk area 
 
No. of samples 
tested  
No. of positive 
samples 
Site 
Male Female Male Female 
% 
positive 
Slaughterhouse 
 
Northern part 
     
Southern part 
  
Middle part 
15 
 
7 
 
- 
 
10 
5 
 
3 
 
50 
 
10 
3 
 
- 
 
- 
 
1 
2 
 
1 
 
16 
 
2 
25 
 
      10 
 
32 
 
15 
 
 
Total  
 
100 
           
25 
 
25 
                                                                                                               
3.2.3 Milk ring test: 
   Hundred milk samples were tested by MRT. Fifteen (15%) of 
them were positive by this test. Two (20%) of the samples collected 
from the middle part of the town were positive. Out of 21 samples 
collected from the southern part, 7 (33%) presented a positive result. 
While, out of 74 bulk milk samples collected from 2 markets in the 
town, 6 (8%) showed positive result (Table V). 
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Table V.   Detection of Brucella antibodies in hundred bovine                        
        milk samples by MRT at Al-Renk area 
 
Source of samples No. of samples 
tested 
No. of positive 
samples 
% positive 
a. Markets    
                 Market 1 44 5 11 
                 Market 2 30 1 3 
b. Individual cows    
          Southern part 21 7 33 
          Middle part 5 2 40 
Total 100 15 15 
 
3.3 Comparison between the results of the three tests: 
            Out of 100 serum samples, 28 were positive by RBT and 25 
were positive by SAT. However, seven of the samples positive by 
RBT were negative by SAT. On the other hand, four of the samples 
positive by SAT were negative by RBT. Thus, total samples positive 
by RBT and/or SAT were 32 (32%).  
            Out of 26 cows tested by the three tests, 9 were positive by 
RBT, 9 by MRT and only 6 by SAT. Two of the cows positive by 
RBT were not positive by MRT and vice versa. The six cows positive 
by SAT were also positive by RBT and MRT. 
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Table VI.   Detection of Brucella antibodies in hundred bovine                        
          serum samples by RBT and SAT at Al-Renk area 
 
No. of positive 
samples   
% positive Site No. of tested 
serum 
samples  RBT SAT Total RBT SAT Total 
Slaughterhouse 
 
Northern part 
 
Southern part 
 
Middle part  
     20 
 
       10 
 
       50 
 
       20 
   5 
 
   1 
 
  18 
 
    4 
  5 
 
  1 
 
 16 
 
   3 
   5 
 
   1 
 
  21 
 
    5 
  25 
 
  10 
 
  36 
 
  20 
 25 
 
 10 
 
 32 
 
 15 
  25 
 
  10 
 
  42 
 
  25 
Total         100    28   25    32   28  25 32 
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               Table VII.   Detection of Brucella antibodies in twenty-six cows by RBT, SAT and MRT  
                                 at Al-Renk area 
 
No. of positive samples  % positive Site No. of tested 
milk samples  
MRT RBT SAT Total MRT RBT SAT Total 
 
Southern part 
 
21 
 
 
 
7 
 
7 
 
5 
 
 
9 
 
 
33 
 
 
33 
 
 
24 
 
 
43 
 
Middle part 
 
5 
 
2 
 
2 
 
1 
 
2 
 
40 
 
40 
 
20 
 
40 
 
 
Total  
 
26 
 
9 
 
9 
 
6 
 
11 
 
35 
 
35 
 
23 
 
42 
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Fig 2. Comparison between percent detection of Brucella 
           antibodies by RBT and SAT in cattle of Al-Renk area   
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Fig 3. Detection of Brucella antibodies in twenty-six cows by RBT, SAT   
          and MRT at Al-Renk are 
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DISCUSSION 
Brucellosis is a well known true zoonosis, acquired from handling 
of infected animals or consuming contaminated milk or milk products. It 
spreads in many states in the Sudan (Dafalla, 1962; Abdalla, 1964; 
Mustafa and Hassan, 1969; Ibrahim and Habiballa, 1975; Khalid, 2006), 
but no data about its occurrence in the Upper Nile State, southrn Sudan. 
Detection of Brucella antibodies in cattle at Al-Renk area by Rose Bengal 
test, serum agglutination test and milk ring test was the objective of this 
study.  
Serum samples were collected from only 100 cattle from four 
selected sites in the town, 68 of them were female samples. Detectability 
of Brucella antibodies by RBT test was 28%, while that by serum 
agglutination test was 25%. SAT showed negative results for 25% of 
cases positive by RBT and, on the other hand, RBT gave negative results 
for 12% of cases positive by SAT. The total number of animals positive 
by RBT and/or SAT was 32 (32%). Usually more than one type of tests 
are used because there is no single test which is both sensitive and 
specific. Both RBT and SAT are simple screening tests.  
The possible infection rate reflected by the results of RBT and SAT 
at Al-Renk area could be taken for the whole Upper Nile State. This 
detection rate is higher than most of the other surveys carried out in 
different regions in the Sudan. Detection rates of 23.1% in Khartoum 
State (Khalid, 2006), 8.7 and 10.7% in cattle in the Gezira State (Dafalla, 
1962), 14.2 and 66.7% in North Kordofan (Ibrahim and Habiballa, 1975), 
5.7 and 8.7% in Blue Nile State (Mustafa and Hassan, 1969), 3, 1.7 and 
1.5% in north Sudan (Abdalla, 1964), 6.2% (Raga, 2000), 13.9% (Musa, 
1995) in Darfur States and 5% in Kassala State  (El-Ansary et al. (2001). 
While in the southern states, a prevalence of 14.6 to 18% was reported by 
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Elnasri (1960) and 6.5% and 22.5% in Bahr-el-ghazal State were reported 
by Boumann (1983).  
        The higher infection rate recorded in our study might be attributed to 
the open system of animal husbandry (nomadic system) in the southern 
Sudan that animals of all ages, aborted animals, pregnant animals, males 
and females are all together in a high stocking density especially during 
milking and night times. Crowding of animals occur in summer at the 
banks of the Nile and at water pools at rainy season. Such poor 
management and no hygienic measures are important factors to increase 
the rate of infection through contamination of water and feed as well as 
mating between infected animals. Also, no annual vaccination against 
brucellosis at Al-Renk area compared to other states as well as ignorance 
of the disease by the farmers. Further, differences in methods of diagnosis 
between this study and other ones and the very small number of samples 
tested in the current study could have some effect. Moreover, cross-
reaction with antigens of other organisms could have effect (Ariza, 2003), 
as the existence of such organisms is not the same in all states. Hence 
false positive results may occur with varying degrees. Various tests used 
may vary in the minimum amount of antigen to be detected (sensitivity) 
and hence false negative results are expected by less sensitive ones. The 
existence of brucellosis in this country for a long time coupled with the 
lack or weakness of control measures specially in the traditional sector 
which maintains the vast majority of Sudan's animal wealth had resulted 
in a wide spread of the disease (Khalid, 2006).  
       The detection rate of Brucella antibodies in this study is also higher 
than those reported in other Arab and African countries. Ismaily (1988) 
reported a prevalence of 3.6% in Sultanate of Oman, Faraj (1991) 
reported 3.8% as an infection rate in Libya, Thabet (1993) found positive 
serological reactors of 4.8% in Egypt, 3.8% in Chad was found by Graber 
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(1968), 2.3% in Ethiopia and 3% in Nigeria were reported by Falada 
(1987).  
        Also, in the current study, a total of 100 milk samples were 
collected, 26 of them were obtained from individual cows which were 
also sampled for serum and 74 were bulk tank milk samples from two of 
the local markets. Only 15 (15%) of them were positive by MRT, nine of 
them were from individual cows and six from market samples with a 
detection rate of 36.4% and 8.1%, respectively. The percent detection rate 
in case of market bulk milk samples was much less than that of individual 
samples. Sample size for testing bulk milk is recommended to be more 
than that for individual samples. However, in the current study the sample 
size in both cases was the same, so, this may have effect.  
When results of serum and milk samples of the 26 cows were 
compared, both RBT and MRT showed positive reaction for 9 samples 
(34.6%), but with 77.9% agreement with each other. While, only six 
samples (23.1%) were positive by SAT, which were also positive by the 
other two tests. So, the detection rate of antibodies in the milk was either 
the same (in case of RBT) or higher (in case of SAT) than in the serum. 
Similar finding was reported by Musa (1995) in goats and Alsayed (1999) 
in cattle, who detected antibodies in milk more than in serum. Contrarily, 
Hayfa (2001) reported a higher detectability in serum.  
The finding of this study showed that RBT is apparently more 
sensitive than SAT and similar in sensitivity to MRT. Similar findings 
were found by Hatim (2004), El-tegani (2006) and Musa (1995), and 
dissimilar one is found by Tag Elsir (2002). 
.  
 
     
Conclusion and Recommendations 
 48
 
Conclusion 
 
• The result of this study indicated that the infection rate of cattle 
with brucellosis at Al-Renk area and possibly in the whole Upper 
Nile State is high (around 30%).    
• Rose Bengal test was apparently more sensitive than serum 
agglutination test and similar in sensitivity to milk ring test. 
 
Recommendations 
• Due to the high detection rate of Brucella antibodies, which would 
have serious economic impact on animal wealth in the Upper Nile 
State as well as on public health, it is highly recommended to  
vaccinate  cattle against brucellosis. 
• The risk of human infection by milk-borne brucellosis is high with 
unpasteurized milk and the public health regulations strongly 
discourage this. Thus, it is recommended to encourage both public 
and private sectors to invest in milk pasteurization which is an easy 
and simple enterprise, so that only pasteurized milk is legal to be 
sold. 
• Veterinary and public health services are addressed to inform 
people who are in direct contact with animals and their products 
with all precautions need to be taken to avoid the infection.  
                                            
• Due to the nature of this research, the number of samples examined 
was far less than the representative one and hence the result 
obtained may not reflect the true prevalence of the disease. So, 
further studies that cover the whole state, taking statistically a 
representative number of samples according to this preliminary 
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detection rate, are recommended. Studies to detect Brucella antigen 
in milk samples using specific monoclonal antibodies in the ELISA 
format system so as to determine the extent of the risk for human 
infection, are recommended too.   
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